Chrysanthemum morifolium Ramat is a perennial flowering plant widely cultivated for use in a tea infusion and as a popular beverage. To identify and evaluate the tea infusion made with a γ-irradiated mutant chrysanthemum cultivar with dark purple petals (cv. ARTI-Dark Chocolate), its phytochemical composition and antioxidant activity were tested and compared with those of the commercially available chrysanthemum cultivar with yellow petals (cv. Gamguk) by HPLC-DAD-ESIMS, as well as DPPH and ABTS radical scavenging assays. The purple chrysanthemum tea contained anthocyanins and linarin, which were not detected in the yellow chrysanthemum tea and the content of chlorogenic acid, acacetin-7-O-β-glucoside, and luteolin was higher compared with the yellow chrysanthemum tea. In contrast, the yellow chrysanthemum tea had higher luteolin-7-O-β-glucoside, 3,5-dicaffeoylquinic acid, apigenin-7-O-β-glucoside, and apigenin contents in comparison with the purple chrysanthemum tea. In addition, the content and antioxidant activity of the two chrysanthemum teas were investigated according to different water temperatures and infusing time. The yellow chrysanthemum tea did not show any significant differences according to infusing time and temperature, while the purple chrysanthemum tea was more influenced by the infusing time than water temperature, showing the highest total compound content in the infusing condition of 100 • C and 4 min. Moreover, the floral scent volatiles of the two chrysanthemum tea sources were analyzed using HS-SPME-GC-MS. In the DPPH radical scavenging assay, the purple chrysanthemum tea broadly showed greater antioxidant activity than did the yellow chrysanthemum tea, corresponding to the high content of anthocyanins known as the powerful antioxidant. Further, both chrysanthemum flower teas exhibited strong ABTS radical scavenging effects ranging from 76% to 61% under all infusing conditions. Therefore, the purple chrysanthemum cultivar, ARTI-Dark Chocolate, is worthy of breeding as a new tea cultivar.
Introduction
In Asia, chrysanthemum flower tea prepared from the flowers of Chrysanthemum morifolium Ramat. (Asteraceae) is a popular beverage due to its desirable taste and aroma. Further, it has reported health benefits as chrysanthemum flowers possess anti-inflammatory, anti-pyretic, sedative, anti-arthritic, and anti-hypertensive effects [1] . Chrysanthemum flowers have also been demonstrated to produce demonstrated to produce various types of flavonoids [2] [3] [4] [5] , phenolic acids [2, [6] [7] [8] , and lignans [9] , which have exhibited diverse biological activities such as antioxidant [3, 6] , anti-inflammatory [4] , antitumor [5] , neuroprotective [7, 9] , and anti-allergic activities [10] . The properties and concentrations of such constituents are responsible for the functional characteristics of chrysanthemum and are important from a commercial point of view.
Although chrysanthemum flowers with yellow petals (e.g., Gamguk and Sanguk) are usually used for tea material and make the greatest contribution of an antioxidant and a coolant to the Korean herb tea market according to their frequency of consumption, there has been little research on the development of chrysanthemum tea using various colors of chrysanthemum flowers. Therefore, evaluation of new tea plants using active compound profiles that affect tea quality is an important method for new tea plant breeding and commercialization.
Recent γ-irradiated mutation breeding studies on chrysanthemum cultivars performed at the Advanced Radiation Technology Institute (Republic of Korea) resulted in the development of a chrysanthemum flower with dark purple petals (cv. ARTI-Dark Chocolate), which obtained a plant variety protection right (registration No. 4996) on April 15, 2014 , through examination by the Korea Seed and Variety Service. In the present study, to identify and evaluate the two different color varieties, ARTI-Dark Chocolate (ADC) and Gamguk (GG), tea infusion samples were prepared according to different temperatures and times ( Figure 1 ). The content and composition of bioactive compounds in the samples were analyzed using high performance liquid chromatography-diode array detector-electrospray ionization mass spectrometry (HPLC-DAD-ESIMS) and their antioxidant properties were tested using the 1,1-diphenyl-2-picryl-hydrazyl (DPPH) and 2,2-azino-bis-3-ethylbenzothiazoline-6-sulfonic acid (ABTS) radical scavenging assays. In addition, we performed headspace solid-phase microextraction coupled with gas chromatography-mass spectrometry (HS-SPME-GC-MS) to analyze the floral scent volatiles from the two different color varieties using dried flower materials in ADC and GG tea bags. The aim of our investigation was not only to identify the advantages of this new chrysanthemum cultivar as a tea ingredient, but also to provide a new viewpoint for its further application. , its manufactured tea bag, and its infusion; (b) Common yellow chrysanthemum cultivar (Gamguk, GG), its manufactured tea bag, and its infusion.
Results and Discussion

Identification of Phytochemical Components in Two Different Color Chrysanthemum Flower Teas
Flavonoids and Phenolic Acids
To characterize flavonoids and phenolic acids, the freeze-dried concentrates of infusions from two different color chrysanthemum flowers were subjected to HPLC-DAD-ESIMS analysis. 
Results and Discussion
Identification of Phytochemical Components in Two Different Color Chrysanthemum Flower Teas
Flavonoids and Phenolic Acids
To characterize flavonoids and phenolic acids, the freeze-dried concentrates of infusions from two different color chrysanthemum flowers were subjected to HPLC-DAD-ESIMS analysis. Nineteen peaks were separated in the HPLC chromatograms ( Figure 2 ). These peaks were characterized by typical UV absorptions obtained from the diode array detector, with the maximum absorptions at 250-270 and 330-350 nm for flavonoids and at 220 and 325 nm for phenolic acids (Table 1) . Compounds corresponding to nine of the peaks were identified as chlorogenic acid (peak 2), luteolin-7-O-β-glucoside (peak 4), 3,5-dicaffeoylquinic acid (peak 8), apigenin-7-O-β-glucoside (peak 9), linarin (peak 17), acacetin-7-O-β-glucoside (peak 18), luteolin (peak 19), apigenin (peak 20), and acacetin (peak 22), by comparison of the retention time, UV spectra, and positive molecular ions with those of the compounds isolated or purchased in our previous study [11] (Table 1 ). The remaining peaks were unknown compounds and were tentatively identified by molecular ion and fragment ion assignment together with the characteristic UV absorption using published reports [2, 8, 9] (Table 1) 14 , and a positive molecular ion at m/z 533 [M + H] + for peak 18, suggesting that they were luteolin-glucoside (peak 1), quercetin-glucoside (peak 3), luteolin-glucuronide (peak 5), luteolin-malonylglucoside (peak 10), diosmetin-glucuronide (peak 12), apigenin-malonylglucoside (peak 13), diosmetin-malonyglucoside (peak 14), and acacetin-malonylglucoside (peak 18). Peaks 6 and 11 had UV absorptions at 220-225 and 325 nm and a positive molecular ion at m/z 517 [M + H] + and a fragment ion at m/z 499 (loss of H 2 O group 18 mass unit) and 163 (loss of chlorogenic acid group 354 mass unit), suggesting dicaffeoylquinic acid (peaks 6 and 10). However, the substituted positions and configuration of dicaffeoyl groups could not be determined by UV and MS spectral data analysis. UV maxima absorptions at these wavelengths of such flavonoids and phenolic acids were not observed in peak 7 but its mass spectra showed positive molecular ions at m/z 551 [M + H] + and a fragment ion at m/z 295. A significant difference in the HPLC-DAD profiles between the two different color chrysanthemum flower teas is that peaks 7, 12, 14, and 15 were clearly detected in the purple chrysanthemum flower tea, but not in the yellow chrysanthemum flower tea. In contrast, the LC chromatogram of the yellow flower tea showed a clear detection of apigenin (peak 19), which was not detected in the purple flower tea. Table 1 for the peak numbers and Materials and Methods for the HPLC-DAD-ESIMS conditions. Figure 2 . HPLC chromatograms of (a) the dark purple chrysanthemum cultivar (ARTI-Dark Chocolate) infusion and (b) the yellow chrysanthemum cultivar (Gamguk) infusion detected at 280 nm. See Table 1 for the peak numbers and Materials and Methods for the HPLC-DAD-ESIMS conditions. 
Anthocyanins
Identification of anthocyanins was made based on comparison of retention times and UV/Vis and mass spectra for either authentic standards ( Figure 3 and Table 2 ). The anthocyanin peaks were characterized by typical UV absorptions at 520 nm and corresponded to cyanidin-3-O-glucoside (peak 20), cyanidin 3-O-(6 -malonylglucoside) (peak 21), and cyanidin Table 2 for the peak numbers and Materials and Methods for the HPLC-DAD-ESIMS conditions.
Quantitative Analysis of Phytochemical Components in Two Different Color Chrysanthemum Flower Teas
Using the HPLC-DAD method, quantification of the two phenolic acids, six flavonoids, and three anthocyanins that were identified from infusions of two different color chrysanthemum flowers through comparison with standards ( Figure 4) Figure 3 . HPLC chromatograms of the dark purple chrysanthemum cultivar (ARTI-Dark Chocolate) infusion detected at 520 nm. See Table 2 for the peak numbers and Materials and Methods for the HPLC-DAD-ESIMS conditions. 
Using the HPLC-DAD method, quantification of the two phenolic acids, six flavonoids, and three anthocyanins that were identified from infusions of two different color chrysanthemum flowers through comparison with standards ( Figure 4 ) was performed. Table 2 for the peak numbers and Materials and Methods for the HPLC-DAD-ESIMS conditions.
Using the HPLC-DAD method, quantification of the two phenolic acids, six flavonoids, and three anthocyanins that were identified from infusions of two different color chrysanthemum flowers through comparison with standards ( Figure 4 ) was performed. The compound number was given the same as the peak number shown in Tables 1 and 2 and Figures 2 and 3 . The detection wavelength for quantification of these compounds was chosen as 280 nm for the phenolic acids and flavonoids and 520 nm for the anthocyanins by comparison of the sample solution chromatograms at different wavelengths. Good linear calibration curves were obtained with the 11 tested standard compounds (Table 3 ). The compound number was given the same as the peak number shown in Tables 1 and 2 and Figures 2 and 3 . The detection wavelength for quantification of these compounds was chosen as 280 nm for the phenolic acids and flavonoids and 520 nm for the anthocyanins by comparison of the sample solution chromatograms at different wavelengths. Good linear calibration curves were obtained with the 11 tested standard compounds (Table 3) . in infusions of two different color chrysanthemum flowers with different infusion conditions were summarized in Table 4 . The ADC flower infusions had higher contents of chlorogenic acid (1), linarin (5), acacetin-7-O-β-glucoside (6), and luteolin (7) than the GG flower infusions, while the contents of luteolin-7-O-β-glucoside (2), 3,5-dicaffeoylquinic acid (3), apigenin-7-O-β-glucoside (4), and apigenin (8) were higher in the GG flower infusions. Compared with the total amount of phenolic acids and flavonoids, the ADC flower infusions had their contents ranging from 16 to 39 mg/g, while the GG flower infusions contained larger amounts ranging from 32 to 41 mg/g. Anthocyanins, cyanidin-3-O-glucoside (9), cyanidin 3-O-(6 -malonylglucoside) (10), and cyanidin (11), which were not contained in the GG flower infusions were present in the ADC flower infusions at a total content of 2-12 mg/g. Thus, it is considered that anthocyanins were extracted from the ADC flowers instead of phenolic acids and flavonoids relatively, inferred from the color of the ADC flowers.
To identify for the optimum infusing condition to extract the bioactive compounds, two chrysanthemum flowers were infused at different temperatures and times. The comparison of the amount of extracted compounds according to the infusing temperature-time relation is summarized in Table 4 . In the ADC flower tea infusions, the content of compounds, apart from 4, 21, and 22, increased slightly when the infusing time increased from 2 min to 4 min at 75 • C, and the contents of 4, 21, and 22 increased about 1.2, 3, and 2 times, respectively. At 100 • C, all compound contents almost doubled as the infusing time increased. When the infusing time was equal to 2 min and the infusing temperature increased from 75 • C to 100 • C, the contents of all compounds tended to be almost the same or slightly decreased. When infused for 4 min, the contents of all compounds increased almost twice or more than two times as the infusing temperature increased. Unlike the ADC flower tea, the GG flower tea showed no significant variation in the content of compounds according to the infusing temperature and time, although the total phenolic acid and flavonoid contents were higher than those of the ADC flower tea. However, when infused at 100 • C for 4 min, the ADC flower tea contained a higher amount of total phenolic acids compared with the GG flower tea. Comprehensively, when infused at 75 • C for 2 min and 4 min and at 100 • C for 2 min, the active compound contents extracted from the GG flower tea were higher than those of the ADC flower tea including the total anthocyanin content detected only in the ADC flower tea. When infused at 100 • C for 4 min, large amounts of anthocyanins and phenolic compounds were extracted from the ADC flower tea, thus its total compound content was higher than that of the GG flower tea. The GG flower tea did not show any significant differences according to infusing time and temperature, while the ADC flower tea was influenced by the infusing time rather than water temperature, showing the highest total compound content in the infusing condition of 100 • C and 4 min.
Antioxidant Activities of Two Different Color Chrysanthemum Flower Teas
The two different color chrysanthemum flower teas were evaluated for their antioxidant activity using the ATBS and DPPH radical scavenging assays. As shown in Table 5 , the purple chrysanthemum cultivar ADC flower tea showed higher DPPH radical scavenging activity than did the yellow chrysanthemum cultivar GG flower tea and its infusion at 100 • C for 4 min had greater activity than that of a positive control, ascorbic acid. In the ATBS radical scavenging test results, the two chrysanthemum flower teas exhibited strong inhibitory effects ranging from 61% to 76% under all infusing conditions. 
Identification of Floral Scent in Two Different Color Chrysanthemum Flower Tea Bags
Floral scent volatiles in the dried flower materials of ADC and GG tea bags were extracted by headspace solid-phase microextraction (HS-SPME) and identified by gas chromatography-mass spectrometry (GC-MS) ( Figure 5 ). HS-SPME allows for simple and rapid extraction of volatile compounds and a high reproducibility under the same conditions. The volatile compounds were affected by sample weight, different temperatures, type of extraction fibers, extraction time, and balance periods. By referring to several previous studies on the analysis of the volatile compounds in chrysanthemum flowers [12] [13] [14] , we performed HS-SPME-GC-MS experiments by modifying their conditions (see Section 3.5). The relative contents of volatile compounds were detected by % of total area (Table 6 ). A total of 29 compounds were identified from ADC tea material, which accounted for 82.74% of total volatile compounds. The components with the highest contents were as follows: eucalyptol (16.25%), (+)-2-bornanone (14.33%), chrysanthenone (11.34%), β-myrcene (7.44%), and α-phellandrene (6.65%). In the GC-MS analysis of GG tea material, 49 compounds were identified, which accounted for 74.93% of total latile compounds. The components with the highest contents were as follows: Trans-verbenyl acetate (16.24%), (+)-2-bornanone (12.28%), β-elemene (7.02%), pseudo-cyclocitral (6.22%), and chrysanthnone (5.49%). The proposed HS-SPME-GC-MS can be considered at least as an alternative scenery quality assessment tool for the aroma evaluation of chrysanthemum tea materials. Table 5 . Antioxidant activities of the infusions of two different color chrysanthemum flowers. 1 Ascorbic acid was used as a positive control.
Floral scent volatiles in the dried flower materials of ADC and GG tea bags were extracted by headspace solid-phase microextraction (HS-SPME) and identified by gas chromatography-mass spectrometry (GC-MS) ( Figure 5 ). HS-SPME allows for simple and rapid extraction of volatile compounds and a high reproducibility under the same conditions. The volatile compounds were affected by sample weight, different temperatures, type of extraction fibers, extraction time, and balance periods. By referring to several previous studies on the analysis of the volatile compounds in chrysanthemum flowers [12] [13] [14] , we performed HS-SPME-GC-MS experiments by modifying their conditions (see Section 3.5). The relative contents of volatile compounds were detected by % of total area (Table 6 ). A total of 29 compounds were identified from ADC tea material, which accounted for 82.74% of total volatile compounds. The components with the highest contents were as follows: eucalyptol (16.25%), (+)-2-bornanone (14.33%), chrysanthenone (11.34%), β-myrcene (7.44%), and α-phellandrene (6.65%). In the GC-MS analysis of GG tea material, 49 compounds were identified, which accounted for 74.93% of total latile compounds. The components with the highest contents were as follows: Trans-verbenyl acetate (16.24%), (+)-2-bornanone (12.28%), β-elemene (7.02%), pseudo-cyclocitral (6.22%), and chrysanthnone (5.49%). The proposed HS-SPME-GC-MS can be considered at least as an alternative scenery quality assessment tool for the aroma evaluation of chrysanthemum tea materials. Figure 5 . GC chromatograms of (a) the dark purple chrysanthemum cultivar (ARTI-Dark Chocolate) tea material and (b) the yellow chrysanthemum cultivar (Gamguk) tea material. See Table 1 for the peak identification and Materials and Methods for the HS-SPME-GC-MS conditions. 94.56 ± 0.12 58.99 ± 0.42 Figure 5 . GC chromatograms of (a) the dark purple chrysanthemum cultivar (ARTI-Dark Chocolate) tea material and (b) the yellow chrysanthemum cultivar (Gamguk) tea material. See Table 1 for the peak identification and Materials and Methods for the HS-SPME-GC-MS conditions. The standards were weighed accurately and dissolved in MeOH at 1.0 mg/mL. The stock solutions were diluted to yield a series of standard solutions at different concentrations for quantitative analysis.
Sample-Infusion Condition (200 μg/mL) ABTS (% Inhibition) DPPH (% Inhibition)
Analysis of Chemical Composition Using HPLC-DAD-ESIMS
Analysis of the chemical composition of the samples was conducted using the Agilent 1200 series LC system coupled on-line with an Agilent 6120 quadrupole single mass spectrometer detector. Data acquisition and processing were performed using the ChemStation software, with an YMC-Triart C18 column (5 µm, 250 mm × 4.6 mm, YMC Co.). Binary gradient elution with 0.1% formic acid in water (v/v, solvent A) and 0.1% formic acid in acetonitrile (v/v, solvent B) was performed as follows: 0-60 min, 15-35% B; 60-70 min, 35-60% B; 70-71 min, 60-95% B; 71-80 min, 95% B; 80-81 min, 95-15% B; 81-90 min, 15% B. The total flow rate was maintained at 0.8 mL/min and the injection volume was 10 µL. Chromatograms were acquired at 265, 280, 330, and 360 nm by the DAD detector. Mass spectra were measured between m/z 100 and 1000 in positive ionization mode (ESI + ) at a scan rate of 1.06 s/cycle and monitored by a diode array detector. The mass spectrometric conditions were as follows: capillary voltage = 4000 V; drying gas flow = 10 L/min (N 2 ); nebulizer pressure = 30 psig; drying gas temperature = 350 • C.
Analysis of Floral Scent Using HP-SPME-GC-MS
A 50/30 µm divinylbenzene/carboxen/polydimethylsiloxane coated SPME fiber (Supelco Inc., Bellefonte, PA, USA) attached to a multipurpose SPME autosampler (MPS 2, Gerstel, Mühlheim, Germany) was used to extract floral volatiles. The SPME fiber was conditioned at 250 • C for 5 min before use and also between the analyses. A sample (1 g) was placed in a headspace vial (22.5 × 75 mm, PTFE/silicone septum, screwed aluminum cap). The tightly capped vial was stirred for 20 min in a thermostatic bath (50 • C) and fibers were exposed to the headspace of the vial for 20 min. Then SPME fibers were injected into the port of a GC-MS system (Agilent GC 6890, Agilent Technologies Inc., Palo Alto, CA, USA) coupled to a mass-selective detector (Agilent GC 6890), and retained for thermal desorption at 250 • C for 2 min. A HP-5MS capillary column (30 m × 0.25 mm, 0.25 µm film thickness, Agilent Technologies Co., Santa Clara, CA, USA.) was used with an oven temperature programmed at 40 • C for 1 min, increased to 80 • C at a rate of 20 • C /min, then to 60 • C at 5 • C /min, then to 270 • C at 20 • C /min, and held at 270 • C for 1 min. Helium was used as a carrier gas at a flow rate of 1 mL/min. The MS interface temperature was set at 250 • C, the ion source temperature was 230 • C, the MS quadrupole temperature was 150 • C, and the transfer line temperature was 280 • C. The peaks in the chromatogram were tentatively identified based on comparisons with those in the Wiley 7 NIST 0.5 Library mass spectral search program, version 5.0 (National Institute of Standards and Technology, Gaithersburg, MD, USA).
Evaluation of DPPH Free Radical Scavenging and ABTS Radical Cation Scavenging Activities
The DPPH of each sample was determined by Brand-Williams's method [15] . Briefly, each sample was suspended in distilled water and 40 µL of the sample was reacted with 160 µL of 0.2 mM DPPH solution. Absorbance measurements were taken 6 min after the reaction at 517 nm using a Benchmark Plus ELISA reader (Bio-Rad, Hercules, CA, USA). The ABTS of each sample was evaluated using the method published by Re et al. [16] . In brief, the ABTS was measured by pre-formed radical monocation. The mixtures, along with 7.4 mM ABTS solution and 2.6 mM potassium persulfate, were incubated at room temperature in the dark for 24 h. The ABTS solution was diluted with phosphate-buffered saline (pH 7.4) to achieve an absorbance of 0.7 ± 0.02 at 734 nm. Each sample was suspended in distilled water and 40 µL of the sample was reacted with 160 µL of the ABTS solution. Absorbance was taken 6 min after the reaction at 734 nm using the Benchmark Plus ELISA reader (Bio-Rad, Hercules, CA, USA).
Statistical Aalysis
Each experiment was done in triplicate and all data are presented as the mean ± standard deviation (SD). Multiple comparisons were carried out using Duncan's multiple range tests for the content of 11 standard compounds. The significant level was set at p < 0.05.
Conclusions
In the present study, bioactive compounds such as flavonoids, phenolic acids, and anthocyanins were profiled and quantified in two different color chrysanthemum flowers. As a result of comparative research between them, the infusion of ADC, which had dark purple colored petals, was a prominent source of anthocyanins because of its high anthocyanin content, which were not detected in the commercial yellow chrysanthemum cultivar GG flower tea. In contrast, the GG infusion was considered a good source of flavonoids owing to a very high content of luteolin-7-O-β-glucoside. The differences in the extraction of bioactive compounds by infusing time and temperature showed that GG tea was not significantly affected by them, but ADC tea was much affected by infusing time. As the fragrance ingredient is also important for the flower tea, their volatile compounds were analyzed and compared, and their distribution and content were found to be different. Although differences between the teas were detected, they both showed strong ABTS radical scavenging activity and moderate DPPH radical scavenging activity (ADC tea had slightly higher activity than GG tea). Taken together, both ADC and GG are good breeding materials for high quality tea cultivars. Furthermore, as a new tea cultivar with potent antioxidants, anthocyanin and a distinctive color and aroma, the worthy of breeding of ADC can be enhanced. The present study may be a reference for understanding the differences in bioactive compounds and floral scents for purple and yellow chrysanthemum flowers, and for exploring a method of identifying and evaluating flower tea cultivars.
